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ABSTRACT

Background. The Avastin� Registry: Investigation of Ef-
fectiveness and Safety (ARIES) study is a prospective, com-
munity-based observational cohort study that evaluated
the effectiveness and safety of first-line treatment patterns,
assessing the impact of chemotherapy choice and treat-
ment duration.

Methods. The ARIES study enrolled patients with met-
astatic colorectal cancer (mCRC) receiving first-line
chemotherapy with bevacizumab and followed them lon-
gitudinally. The protocol did not specify treatment regi-
mens or assessments. Analyses included all patients who
initiated bevacizumab in combination with either first-line
oxaliplatin with infusional 5-fluorouracil and leucovorin
(FOLFOX) or irinotecan with infusional 5-fluorouracil

and leucovorin (FOLFIRI). Progression-free survival
(PFS) and overall survival (OS) times were estimated using
Kaplan–Meier methods. Hazard ratios (HRs) were esti-
mated with multivariate Cox regression analysis, adjusting
for potential confounding factors.

Results. In total, 1,550 patients with first-line mCRC
were enrolled (median follow-up, 21 months) and most
received FOLFOX–bevacizumab (n � 968) or FOLFIRI–
bevacizumab (n � 243) as first-line therapy. The base-
line characteristics and median treatment duration were
generally similar between subgroups. There were no sig-
nificant differences in the median PFS (10.3 months vs.
10.2 months) or OS (23.7 months vs. 25.5 months)
time between the FOLFOX–bevacizumab and FOLFIRI–
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bevacizumab subgroups, respectively, by unadjusted anal-
yses. Multivariate analyses showed FOLFIRI– bevaci-
zumab resulted in a similar PFS (HR, 1.03; 95%
confidence interval [CI], 0.88 –1.21) and OS (HR, 0.95;
95% CI, 0.78 –1.16) outcome as with FOLFOX– bevaci-
zumab. The incidence proportions of bevacizumab-associ-

ated adverse events were similar for FOLFOX- and
FOLFIRI-based therapies.

Conclusions. In first-line mCRC patients, the FOLFOX–
bevacizumab and FOLFIRI–bevacizumab regimens were
associated with similar treatment patterns and clinical out-
comes. The Oncologist 2012;17:1486–1495

INTRODUCTION
Oxaliplatin with infusional 5-fluorouracil (5-FU) and leuco-
vorin (LV) (FOLFOX) and irinotecan with infusional 5-FU
and LV (FOLFIRI) are standard chemotherapy regimens for
the treatment of patients with advanced or metastatic colorec-
tal cancer (mCRC) who are appropriate for intensive therapy
[1]. Data from comparative, randomized trials indicate that, in
the absence of a biologic agent, these regimens appear to be
noninferior, and exposure to oxaliplatin, irinotecan, and 5-FU
throughout the course of treatment is more important than the
sequence of administration [2–4].

Bevacizumab (Avastin�; Genentech, Inc., South San Fran-
cisco, CA), a recombinant, humanized monoclonal antibody
against vascular endothelial growth factor A, has been shown
to result in superior progression-free survival (PFS) and over-
all survival (OS) outcomes when added to 5-FU–based che-
motherapy in patients with previously treated and untreated
mCRC [5–7]. The pivotal trial of bevacizumab in mCRC pa-
tients demonstrated the benefit of adding the agent to irinote-
can with bolus 5-FU and LV (IFL) in first-line treatment [5].
Subsequently, however, the clinical use of IFL diminished
with the emergence of the FOLFOX and FOLFIRI regimens
[8–10]. Given the similar efficacy profiles of these latter two
regimens, along with evidence for the superiority of FOLFIRI–
bevacizumab over modified IFL–bevacizumab [2, 9–12], it
was assumed that FOLFOX and FOLFIRI could be used inter-
changeably with bevacizumab as first-line treatment.

Initial data from randomized trials further supported the ef-
ficacy of bevacizumab with oxaliplatin-containing regimens
[7, 13]. However, the phase III NO16966 trial of oxaliplatin-
containing chemotherapy regimens with or without bevaci-
zumab for previously untreated mCRC showed only a
modestly better PFS outcome in the bevacizumab-containing
arms, without any significant difference in the OS outcome
[14, 15]. Importantly though, it was noted that a high percent-
age of patients did not receive bevacizumab until progressive
disease (PD), as was specified in the study protocol, potentially
because bevacizumab and chemotherapy were discontinued si-
multaneously upon the development of unacceptable chemo-
therapy-related toxicity. A subsequent phase II randomized
trial reported that 50% of patients discontinued therapy with
FOLFOX–bevacizumab for reasons other than PD [16]. Given
the possibility that a significant number of patients treated with
oxaliplatin-based regimens stop therapy prematurely because
of chemotherapy-related toxicity, some clinicians believe that
oxaliplatin-based chemotherapy regimens may not be optimal
partners for bevacizumab in practice or clinical trials.

Based on the potential effect of both the chemotherapy
partner and the related treatment pattern on outcomes, this

analysis describes the safety and effectiveness of bevacizumab
when used in combination with FOLFOX or FOLFIRI in pa-
tients with first-line mCRC enrolled in the Avastin� Registry:
Investigation of Effectiveness and Safety (ARIES) observa-
tional cohort study (OCS) (ClinicalTrials.gov identifier,
NCT00388206). The objectives of this analysis of a large com-
munity-based cohort were to understand how baseline charac-
teristics influence treatment patterns with first-line FOLFOX–
bevacizumab and FOLFIRI– bevacizumab, as well as to
describe chemotherapy and bevacizumab treatment patterns
and the associated outcomes in these patient subgroups.

MATERIALS AND METHODS

Study Design, Patients, and Treatment
The ARIES study is a prospective OCS that longitudinally fol-
lows patients with previously untreated mCRC who are ini-
tially treated with chemotherapy plus bevacizumab. The study
planned to enroll �1,500 patients in the first-line mCRC co-
hort. There were four protocol-specified inclusion criteria: (a)
signed informed consent, (b) locally recurrent CRC or mCRC,
(c) eligibility for bevacizumab as a component of intended
therapy (in the judgment of the treating physician), and (d)
first-line chemotherapy plus bevacizumab initiated within 4
months prior to study enrollment. There were no treatments,
assessments, or exclusions specified by the protocol, including
the dose and frequency of bevacizumab or regimens of chemo-
therapy (including biologic agents) and the method or fre-
quency of clinical assessments. Notably, no exclusions were
made on the basis of the sites of metastasis, the use of concur-
rent anticoagulation, or the Eastern Cooperative Oncology
Group (ECOG) performance status score— criteria used in
previous randomized controlled trials for patient exclusion [5,
15]. All treatments, including bevacizumab, and all supportive
care were via commercial supplies or local access-to-care
mechanisms. The study was approved by a central institutional
review board (IRB), the New England IRB, as well as by local
IRBs where they existed. All enrolled patients provided in-
formed consent.

Data Collection
Patient data were collected prospectively from study sites via
electronic data capture at baseline and subsequently every 3
months until death, withdrawal of consent, loss to follow-up,
or study closure. Dates of actual bevacizumab administration,
as well as chemotherapy plus biologic treatment start and stop
dates, were captured.

Sites were asked to report, within 48 hours of their knowl-
edge, the following adverse events (AEs), termed protocol-
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specified AEs, that occurred up to 90 days after the last
bevacizumab dose: (a) bevacizumab-select AEs, regardless of
severity; (b) any AE that resulted in the discontinuation of be-
vacizumab; and (c) any serious AE (SAE) suspected to be as-
sociated with bevacizumab. Bevacizumab-select AEs included
gastrointestinal perforation, new or worsening hypertension
requiring medication, severe bleeding events, venous throm-
boembolic events (VTEs), postoperative wound-bleeding or
wound-healing complications, symptomatic congestive heart
failure, arterial thromboembolic events, and reversible poste-
rior leukoencephalopathy syndrome, regardless of its associa-
tion with bevacizumab and whether or not the event was
considered serious. AEs were graded according to the National
Cancer Institute Common Toxicity Criteria for Adverse
Events, version 3.0. An AE was to be classified as serious if the
patient outcome was death, was considered life-threatening,
resulted in hospitalization, was a disability or congenital
anomaly, or required intervention to prevent permanent im-
pairment or damage. Per standard practice, sites were in-
structed to report any SAE not suspected to be associated with
bevacizumab through the MedWatch program.

Statistical Methods and Considerations
This analysis evaluated outcomes in the subgroup of patients
who received first-line FOLFOX–bevacizumab or FOLFIRI–
bevacizumab at baseline (Fig. 1). Additional data on treatment
patterns were obtained for patients who experienced and sur-
vived PD, because it was possible to evaluate the use of che-
motherapy and bevacizumab from initiation in the metastatic
setting until and beyond first PD. PD was determined by the
investigator via clinical and/or radiographic assessment.

Baseline characteristics were described using summary
statistics. PFS and OS outcomes were measured from the date
of initiation of therapy, which was defined as the earlier of che-
motherapy or bevacizumab dosing. The PFS time was defined
as the time from the start of therapy to investigator-assessed

PD or death from any cause on study. The OS time was defined
as the time from the start of therapy to death from any cause.
Kaplan–Meier methods, along with 95% confidence intervals
(CIs), were used to characterize the distribution of the PFS and
OS probabilities. Patients without an event (PD or death) were
censored at the study termination or data cutoff date, which-
ever occurred first.

A Cox proportional hazards model was used to assess the
effect of first-line chemotherapy (FOLFOX or FOLFIRI) with
bevacizumab on PFS and OS outcomes, adjusting for the fol-
lowing baseline covariates: age, sex, race, ECOG performance
status score, serum albumin and alkaline phosphatase levels,
site of primary tumor, adjuvant therapy, disease-free interval,
and history of cardiovascular disease, diabetes, hypertension,
or hypercholesterolemia.

Safety analyses were conducted on all bevacizumab-
treated patients, who were defined as those who received at
least one dose of bevacizumab on study. Incidence proportions
of AEs were estimated for the entire follow-up period, starting
from the date of the actual first bevacizumab dose. If a patient
had multiple occurrences of the same event, it was only
counted once. For patients who started bevacizumab prior to
study enrollment, sites were asked to record any AE that oc-
curred prior to study enrollment while on bevacizumab ther-
apy. Protocol-specified AEs with an onset date �90 days after
the patient’s last bevacizumab dose were excluded.

RESULTS

Enrollment and Follow-Up
In total, 1,550 patients who received first-line bevacizumab-
containing therapy for mCRC were enrolled in the ARIES
study between November 2006 and January 2008 from 248
study sites in 43 U.S. states. The sites are geographically di-
verse and include community-based practices (�75%), aca-
demic centers (�9%), and other institutions, mainly hospitals

Figure 1. Disposition of analysis population.
Abbreviations: ARIES, Avastin� Registry: Investigation of Effectiveness and Safety; FOLFIRI, irinotecan, infusional 5-fluorouracil,

and leucovorin; FOLFOX, oxaliplatin, infusional 5-fluorouracil, and leucovorin; mCRC, metastatic colorectal cancer; PD, progressive
disease.
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(�16%). As of September 20, 2010, the median follow-up
time was 21 months (range, 0.3–48.2 months). Of the 1,550
first-line mCRC patients, 968 (62.5%) received FOLFOX–
bevacizumab and 243 (15.7%) received FOLFIRI– bevaci-
zumab as first-line therapy (Fig. 1). Approximately 76.8%
(930 of 1,211) of patients treated with FOLFOX– bevaci-
zumab or FOLFIRI–bevacizumab had experienced PD at the
time of this analysis. More than 90% of the PD events were
determined using a scan (e.g., computed tomography, positron
emission tomography, or magnetic resonance imaging).

Patient Baseline Characteristics
Baseline characteristics for all first-line mCRC patients en-
rolled in the ARIES study (n � 1,550) and patients who re-
ceived FOLFOX or FOLFIRI with bevacizumab (n � 1,211)
are summarized in Table 1. Patient and disease characteristics
were generally similar to those of the overall first-line CRC
population and across first-line chemotherapy subgroups, with
a few notable exceptions: a higher percentage of patients in the
FOLFIRI–bevacizumab subgroup were treated for recurrent
disease (60.9% vs. 27.3%), had received prior adjuvant ther-
apy (53.5% vs. 16.0%), and had surgical resection of their ini-
tial disease (90.9% vs. 77.2%) than in the FOLFOX–
bevacizumab subgroup, respectively. There did not appear to
be substantial differences in the use of concomitant medica-
tions between the chemotherapy subgroups.

Treatment Patterns
Among patients treated with first-line FOLFOX– bevaci-
zumab and FOLFIRI–bevacizumab, the median duration of
first-line bevacizumab and chemotherapy treatment as well as
the median total duration of both bevacizumab and chemother-
apy were similar, irrespective of the first-line chemotherapy
used (Table 2). In the study, bevacizumab was stopped (e.g.,
temporarily held, permanently discontinued) before PD in
�59% of patients who survived first PD, with a slightly higher
percentage of patients in the FOLFIRI– bevacizumab sub-
group halting bevacizumab before PD (66.0% vs. 59.9%).
Among patients who survived first PD, the most common rea-
sons for bevacizumab being temporarily held for �28 days in
both the FOLFOX–bevacizumab and FOLFIRI–bevacizumab
subgroups were chemotherapy holiday, AE or SAE, and
planned surgery (Table 3). The most common reasons for be-
vacizumab being permanently discontinued �28 days prior to
PD were AEs or SAEs, achievement of maximum benefit, and
physician decision to discontinue. Of the patients who perma-
nently discontinued bevacizumab prior to PD, approximately
two thirds (FOLFOX–bevacizumab, 67.5%; FOLFIRI–bev-
acizumab, 65.2%) had no further treatment with bevacizumab,
whereas subsequent use of bevacizumab within 2 months after
PD was seen in 17.3% of FOLFOX– bevacizumab and
18.2% of FOLFIRI– bevacizumab patients. In cases in
which bevacizumab was held temporarily, 47.4% of pa-
tients in the FOLFIRI group and 55.3% of those in the
FOLFOX group restarted bevacizumab therapy within 2
months after PD. In 46 cases, disease progression was cited as
a reason for discontinuing bevacizumab prior to PD, which

may reflect a diagnosis of clinical progression rather than a
confirmation of radiographic progression.

Although similar percentages of patients in both subgroups
continued chemotherapy until PD (53.9%–56.0%), a greater
percentage of patients treated with FOLFOX– bevacizumab
had a change in their first-line chemotherapy regimen than
those treated with FOLFIRI–bevacizumab (23.7% vs. 16.2%,
respectively) (Table 2). Any change in the regimen, including
discontinuing oxaliplatin or irinotecan, was recorded as a
change.

Overall, a higher percentage of patients in the FOLFOX–
bevacizumab subgroup than in the FOLFIRI– bevacizumab
subgroup were exposed to all three active chemotherapies (i.e.,
5-FU, oxaliplatin, and irinotecan) in the metastatic setting
(59.1% vs. 34.6%, respectively). Approximately 85%–90% of
patients who survived first PD across the chemotherapy sub-
groups received second-line therapy, with 63.5% of patients in
the FOLFOX–bevacizumab subgroup receiving second-line
irinotecan-containing therapy and 21.0% of patients in the
FOLFIRI–bevacizumab subgroup receiving second-line ox-
aliplatin-containing therapy (Table 2). In addition, 29.4%
and 37.0% of patients in the FOLFOX– bevacizumab and
FOLFIRI– bevacizumab subgroups, respectively, received
an epidermal growth factor receptor inhibitor as part of sec-
ond-line treatment.

Effectiveness Outcomes
The median PFS estimates were similar for first-line mCRC pa-
tients who were treated with FOLFOX–bevacizumab (10.3
months; 95% CI, 9.9–11.0) and for those treated with FOLFIRI–
bevacizumab (10.2 months; 95% CI, 9.0–11.4) (Table 4, Fig.
2A). Patients treated with FOLFIRI– bevacizumab (25.5
months; 95% CI, 20.9–28.4) had a numerically higher median
OS time than those treated with FOLFOX–bevacizumab (23.7
months; 95% CI, 22.1–25.6), although the 95% CIs did overlap
(Fig. 2B). Outcomes in these chemotherapy subgroups are
consistent with those reported in the overall first-line CRC
population. A multivariate Cox proportional hazards model
was used to assess the effect of first-line chemotherapy with
bevacizumab on PFS and OS outcomes, adjusting for potential
confounding factors. In the multivariate analysis, the use of
FOLFIRI–bevacizumab resulted in PFS (hazard ratio [HR],
1.03; 95% CI, 0.88–1.21; p � .688) and OS (HR, 0.95; 95%
CI, 0.78–1.16; p � .625) probability profiles similar to those
seen with FOLFOX–bevacizumab.

Protocol-Specified AEs
Observed incidence proportions of bevacizumab-associated
AEs in first-line mCRC patients treated with either FOLFOX–
bevacizumab or FOLFIRI–bevacizumab were largely similar
(Table 5). A higher proportion of patients treated with
FOLFIRI–bevacizumab experienced a VTE than those treated
with FOLFOX–bevacizumab (13.2% vs. 6.4%, respectively).
Patients in the FOLFOX– bevacizumab subgroup had a
slightly higher incidence of grade 3–5 bleeding events, post-
operative wound-healing or wound-bleeding complications,
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Table 1. Selected baseline patient and disease characteristics by first-line chemotherapy regimen

Characteristic

All first-line
CRC patients

First-line regimen

FOLFOX–BV FOLFIRI–BV
(n � 1,550) (n � 968) (n � 243)

Median (range) age, yrs 62 (18–92) 61 (18–88) 62 (29–88)
�75 years, n (%) 234 (15.1) 116 (12.0) 26 (10.7)

Female sex, n (%) 669 (43.2) 413 (42.7) 108 (44.4)

Race, n (%)
White 1,251 (80.7) 784 (81.0) 193 (79.4)
Black 199 (12.8) 116 (12.0) 41 (16.9)
Other 100 (6.5) 68 (7.0) 9 (3.7)

ECOG PS score, n (%)
0 761 (49.1) 472 (48.8) 123 (50.6)
1 659 (42.5) 415 (42.9) 99 (40.7)
�2 109 (7.0) 70 (7.2) 18 (7.4)
Unknown 21 (1.4) 11 (1.1) 3 (1.2)

Disease categorization, n (%)
Metastatic 1,488 (96.0) 935 (96.6) 234 (96.3)
Locally advanced and unresectable 62 (4.0) 33 (3.4) 9 (3.7)

Site of primary tumor, n (%)
Colon 1,179 (76.1) 719 (74.3) 183 (75.3)
Rectum 366 (23.6) 245 (25.3) 60 (24.7)
Unknown 5 (0.3) 4 (0.4) 0 (0)

Disease-free interval,a n (%)
De novo (no interval) 992 (64.0) 704 (72.7) 95 (39.1)
Recurrent

�12 months 156 (10.1) 68 (7.0) 42 (17.3)
12 to �24 months 160 (10.3) 54 (5.6) 64 (26.3)
�24 months 242 (15.6) 142 (14.7) 42 (17.3)

Surgical resection of initial disease, n (%) 1,253 (80.8) 747 (77.2) 221 (90.9)

Prior adjuvant therapy, n (%) 385 (24.8) 155 (16.0) 130 (53.5)

History of cardiovascular disease,b n (%) 351 (22.6) 199 (20.6) 58 (23.9)

History of diabetes mellitus,b n (%) 245 (15.8) 140 (14.5) 53 (21.8)

Use of selected concomitant medications,c n (%)
Prophylactic anticoagulation 101 (6.5) 67 (6.9) 16 (6.6)
Therapeutic anticoagulation 72 (4.6) 43 (4.4) 11 (4.5)
Antiplatelet 238 (15.4) 141 (14.6) 38 (15.6)
Cholesterol lowering 347 (22.4) 208 (21.5) 57 (23.5)
Antihypertensive or cardiovascular 739 (47.7) 451 (46.6) 120 (49.4)

First-line chemotherapy, n (%)
FOLFOX 968 (62.5) 968 (100) 0 (0)
FOLFIRI 243 (15.7) 0 (0) 243 (100)
CAPEOX 133 (8.6) 0 (0) 0 (0)
XELIRI 22 (1.4) 0 (0) 0 (0)
Bolus 5-fluorouracil and leucovorin 51 (3.3) 0 (0) 0 (0)
Capecitabine 44 (2.8) 0 (0) 0 (0)
Otherd 89 (5.7) 0 (0) 0 (0)

aInterval between resection of the primary tumor and metastasis.
bThis condition required drug therapy.
cA patient could receive more than one therapy or class of medication.
dIncludes IFL, infusional 5-fluorouracil, investigational drug regimen, and other.
Abbreviations: BV, bevacizumab; CAPEOX, capecitabine and oxaliplatin; CRC, colorectal cancer; ECOG PS, Eastern
Cooperative Oncology Group performance status; FOLFIRI, irinotecan and infusional 5-fluorouracil and leucovorin;
FOLFOX, oxaliplatin and infusional 5-fluorouracil and leucovorin; IFL, irinotecan and bolus 5-fluorouracil and leucovorin;
PD, progressive disease; XELIRI, capecitabine and irinotecan.

1490 Bevacizumab With FOLFOX or FOLFIRI for mCRC: ARIES



and arterial thromboembolic events than patients in the
FOLFIRI–bevacizumab subgroup.

DISCUSSION
One of the advantages of an OCS is that it allows for outcome
analyses in less-selected, real-world patient populations. This
analysis from the ARIES OCS sought to evaluate treatment
patterns and clinical outcomes in patients with mCRC who
were treated in the first-line setting with FOLFOX–bevaci-
zumab or FOLFIRI–bevacizumab. Given recent evidence sug-
gesting that a high percentage of patients enrolled in clinical trials
discontinue bevacizumab prior to PD [14–16], the ARIES study
affords an opportunity to directly compare the two chemother-
apy backbones to determine if the choice of regimen affects the

duration of treatment and the effectiveness of bevacizumab in
clinical practice.

The majority of first-line mCRC patients enrolled in the
ARIES study were treated with FOLFOX–bevacizumab, as
has been reported in previous studies [17, 18]. This is reflective
of practice patterns in the U.S. and is likely a result, in part, of
perceived differences in the toxicity profiles of FOLFOX [19]
and FOLFIRI [20]. There were a small number of notable dis-
crepancies in the baseline characteristics of patients receiving
FOLFOX– bevacizumab compared with those receiving
FOLFIRI–bevacizumab in the ARIES study, which may have
influenced treatment choice. More patients receiving FOL-
FIRI– bevacizumab had recurrent disease at enrollment and
had received prior adjuvant therapy, both characteristics that

Table 2. BV and chemotherapy treatment patterns and duration by first-line chemotherapy regimen

Treatment pattern

First-line regimen

FOLFOX–BV FOLFIRI–BV
(n � 968) (n � 243)

BV duration

Median (range) first-line BV duration, mos 4.9 (0.03–36.8) 4.4 (0.03–35.2)

Median (range) total BV duration, mos 6.7 (0.03–43.5) 5.9 (0.03–35.2)

BV treatment pattern (n � 739)a (n � 191)a

Continued BV to PD, n (%) 296 (40.1) 65 (34.0)

Stopped BV before PD, n (%) 443 (59.9) 126 (66.0)

No BV within 28 days, n (%) 13 (1.8) 3 (1.6)

BV temporarily held, n (%) 199 (26.9) 57 (29.8)

BV permanently discontinued, n (%) 231 (31.3) 66 (34.6)

Median (range) time from last BV dose to PD, mos 5.3 (0.03–31.5) 6.0 (0.03–31.3)

CT duration

Median (range) first-line CT duration, mos 6.1 (0.03–36.4) 6.0 (0.03–31.3)

Median (range) total CT duration, mos 11.5 (0.1–45.3) 10.5 (0.03–41.6)

CT treatment patterns (n � 739)a (n � 191)a

Continued the same CT to PD, n (%) 223 (30.2) 76 (39.8)

Changed CT before PD, n (%) 175 (23.7) 31 (16.2)

Stopped CT before PD, n (%) 341 (46.1) 84 (44.0)

Exposure to all 3 active chemotherapiesb in the metastatic
setting, n (%)

572 (59.1) 84 (34.6)

Second-line treatment, n (%) (n � 663) (n � 162)

Oxaliplatin-containing regimenc 92 (13.9) 34 (21.0)

Irinotecan-containing regimend 421 (63.5) 83 (51.2)

Treatment with an EGFR inhibitore 195 (29.4) 60 (37.0)
aPatients who survived first PD.
b5-FU, oxaliplatin, and irinotecan.
cFOLFOX or CAPEOX.
dFOLFIRI, XELIRI, IFL, or irinotecan monotherapy.
eOverlapping with other second-line treatments.
Abbreviations: 5-FU, 5-fluorouracil; BV, bevacizumab; CAPEOX, capecitabine and oxaliplatin; CRC, colorectal cancer;
CT, chemotherapy; EGFR, epidermal growth factor receptor; FOLFIRI, irinotecan and infusional 5-FU and LV; FOLFOX,
oxaliplatin and infusional 5-FU and LV; IFL, irinotecan with bolus 5-FU and LV; LV, leucovorin; PD, progressive disease;
XELIRI, capecitabine and irinotecan.
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are associated with a poorer prognosis. The choice of FOLFIRI
in these patients was logical given the likelihood of exposure to
oxaliplatin during treatment for early-stage colon cancer [21,
22]. Taken together, these data suggest that physicians in the
U.S. prefer to use FOLFOX with bevacizumab and that the
substitution of an alternate chemotherapy regimen is a tailored
response to certain patient and disease characteristics.

Of the patients receiving first-line FOLFOX– bevaci-
zumab who survived first PD, 13.9% went on to receive an ox-
aliplatin-containing regimen as second-line chemotherapy.

We speculate that this population largely comprised of patients
who were switched to an alternate first-line chemotherapy
prior to PD and later resumed oxaliplatin as part of what the
treating investigator defined as second-line therapy.

We did not observe any significant differences in treatment
patterns between FOLFOX–bevacizumab and FOLFIRI–be-
vacizumab. The first-line duration and total duration of both
bevacizumab and chemotherapy treatment were roughly
equivalent with each regimen. Collectively, the data show that,
in the nontrial management of patients who experience PD fol-

Table 3. Reasons for temporarily holding or permanently discontinuing BV treatment for �28 days prior to PD in patients
who survived first PD

Reason, n (%)

Reported temporary hold of BV
Reported permanent discontinuation

of BV

FOLFOX–BV FOLFIRI–BV FOLFOX–BV FOLFIRI–BV
(n � 199) (n � 57) (n � 231) (n � 66)

AE or SAE 63 (31.7) 17 (29.8) 60 (26.0) 25 (37.9)

Chemotherapy holiday 60 (30.2) 20 (35.1) 3 (1.3) 3 (4.5)

Completed planned course 2 (1.0) 1 (1.8) 7 (3.0) 1 (1.5)

Disease progressiona 5 (2.5) 1 (1.8) 32 (13.9) 8 (12.1)

Lost to follow-up NA NA 1 (0.4) 0 (0.0)

Maximum benefit achieved 14 (7.0) 6 (10.5) 54 (23.4) 14 (21.2)

Other 2 (1.0) 2 (3.5) NA NA

Patient discontinues 5 (2.5) 2 (3.5) 17 (7.4) 3 (4.5)

Physician discontinues 12 (6.0) 1 (1.8) 44 (19.0) 10 (15.2)

Planned surgery 36 (18.1) 7 (12.3) 13 (5.6) 2 (3.0)
aDisease progression was cited as the reason for holding or discontinuing BV, although the actual date of progressive
disease was reported more than 28 days after the stoppage of treatment.
Abbreviations: AE, adverse event; BV, bevacizumab; FOLFIRI, irinotecan and infusional 5-fluorouracil and leucovorin;
FOLFOX, oxaliplatin and infusional 5-fluorouracil and leucovorin; NA, not applicable; PD, progressive disease; SAE,
serious AE.

Table 4. Effectiveness by first-line chemotherapy regimen as of September 20, 2010

Effectiveness outcome
All first-line CRC patients

First-line regimen

FOLFOX–BV FOLFIRI–BV
(n � 1,550) (n � 968) (n � 243)

Patients with PD, n (%) 1174 (75.7) 739 (76.3) 191 (78.6)

Deaths, n (%) 1002 (64.6) 627 (64.8) 152 (62.6)

Best first-line response, %

Complete response 19.6 21.3 20.6

Partial response 33.8 35.1 31.7

Stable disease 31.1 30.2 33.7

Median (95% CI) PFS, mos 10.2 (9.8–10.5) 10.3 (9.9–11.0) 10.2 (9.0–11.4)

Median (95% CI) OS, mos 23.3 (21.6–25.0) 23.7 (22.1–25.6) 25.5 (20.9–28.4)

1-year survival rate (95% CI) 76.3% (74.2%–78.5%) 78.0% (75.3%–80.6%) 77.4% (72.0%–82.7%)

Abbreviations: BV, bevacizumab; CI, confidence interval; CRC, colorectal cancer; FOLFIRI, irinotecan and infusional 5-
fluorouracil and leucovorin; FOLFOX, oxaliplatin and infusional 5-fluorouracil and leucovorin; OS, overall survival; PD,
progressive disease; PFS, progression-free survival.
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lowing therapy for first-line mCRC, bevacizumab is stopped in
�60% of patients before PD. Notably, nearly half of these pa-
tients have bevacizumab treatment temporarily discontinued.
All chemotherapy was stopped in �45% of patients before PD,
irrespective of the chemotherapy backbone used. AEs, irre-
spective of their association with bevacizumab, were cited as
the reason for stopping bevacizumab prior to PD in �30% of
patients who had a temporary hold or permanent discontinua-
tion. Additionally, chemotherapy holiday, achievement of
maximum benefit, and physician decision were key reasons for
stopping bevacizumab. Thus, it appears that the decision to
switch or stop chemotherapy increases the probability of dis-
continuing bevacizumab at the time of treatment change. This
apparent treatment practice has broad-reaching implications
both for clinical trial design and outcomes. In particular, sur-
vival benefits with bevacizumab have been reported from clin-
ical trials in which bevacizumab was largely continued until
PD [5–7, 9]. Furthermore, several analyses have suggested an
association between bevacizumab duration and efficacy [15,
23, 24], which supports data from a phase III study that re-
cently reported a significantly better OS outcome with the con-
tinuation of bevacizumab beyond first progression for mCRC
[25].

The safety profiles of FOLFOX– bevacizumab and
FOLFIRI–bevacizumab appeared to be similar with regard to the
overall incidence of bevacizumab-associated SAEs and nonseri-
ous AEs. No new or unexpected AEs with a suspected relation to
bevacizumab were reported. An observed imbalance in VTEs be-
tween the two subgroups was noted, but the overall incidence pro-
portion of VTEs in the first-line mCRC population (7.2%) was
within the range reported previously [26]. It is also important to
note that the ARIES OCS only collected information on protocol-
specified AEs; thus, the incidence proportions of all SAEs and
nonserious AEs with a possible or probable relation to chemother-
apy treatment are not evaluable.

With regard to study limitations, this analysis is dependent
on the accurate and timely reporting of events by investigators
and study sites. Also, because patients could be enrolled up to
4 months after the initiation of treatment, the timing of enroll-
ment may have affected the inclusion of patients with early
progression or death events, as well as the collection of data on
AEs occurring prior to study participation. It should also be
noted that the ARIES study primarily collected data on bevaci-
zumab-associated AEs, and differences in chemotherapy-re-
lated toxicities between the FOLFOX– bevacizumab and
FOLFIRI–bevacizumab regimens were not evaluated.

Figure 2. Kaplan–Meier estimates of survival outcomes by first-line chemotherapy regimen. (A): Progression-free survival probability.
(B): Overall survival probability.

Abbreviations: BV, bevacizumab; FOLFIRI, irinotecan, infusional 5-fluorouracil, and leucovorin; FOLFOX, oxaliplatin, infusional
5-fluorouracil, and leucovorin.
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In the ARIES study, there did not appear to be significant
differences in PFS or OS outcomes when either FOLFOX or
FOLFIRI was combined with bevacizumab as first-line treat-
ment for mCRC, despite some differences in the baseline char-
acteristics that suggest a poorer prognosis for patients
receiving first-line FOLFIRI–bevacizumab. Importantly, im-
balances in baseline characteristics did not result in disparities
in the total duration of chemotherapy or bevacizumab admin-
istered in each chemotherapy subgroup. Multivariate analyses,
which adjusted for differences in exposure to adjuvant therapy
and the disease-free interval, showed the estimated PFS and
OS probability profiles of the two regimens to be equivalent,
further supporting the interchangeability of first-line FOLFOX
and FOLFIRI when used in combination with bevacizumab.
As a result of the largely unrestricted enrollment of patients in
the ARIES study, this analysis represents the comparative effec-
tiveness of these chemotherapy backbones in the overall mCRC
population for whom the regimen and management were not dic-
tated by trial protocol. However, there may be certain subgroups
of patients who benefit preferentially from one of the chemother-
apy backbones; for example, excision repair crosscomple-
menting 1 may act as a resistance marker for platinum-based
therapy [27, 28]. For that reason, a prospective, randomized
study is actively evaluating potential differences in efficacy
between the FOLFOX–bevacizumab and FOLFIRI–bevaci-
zumab regimens according to biomarker stratification [29].

CONCLUSIONS
Results from the ARIES study suggest that both first-line FOL-
FOX and first-line FOLFIRI are equally compatible chemo-
therapy partners for bevacizumab. Similarities between the
two regimens were observed with respect to both treatment
patterns and effectiveness outcomes. These results refute the
notion that FOLFOX–bevacizumab is associated with inferior
clinical efficacy or a higher incidence of treatment discontin-
uation than with FOLFIRI–bevacizumab. The observed fre-
quency of stopping chemotherapy and bevacizumab before PD
has broader implications on how clinical trial endpoints are de-
signed, and it further underscores the need for a more explicit
understanding that the discontinuation of chemotherapy prior
to PD need not necessitate bevacizumab stoppage, particularly
if the reason for discontinuation is cumulative toxicity result-
ing from individual components of the chemotherapy regimen.
Further research is warranted and ongoing to identify specific
subgroups of the mCRC population that may benefit more
from one chemotherapy backbone than the other.
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Table 5. Bevacizumab-associated adverse events by first-line chemotherapy regimen

AE, n (%)
All first-line CRC patients

First-line regimen

FOLFOX–BV FOLFIRI–BV
(n � 1,550) (n � 968) (n � 243)

Patients with any protocol-specified AEa,b 345 (22.3) 217 (22.4) 66 (27.2)

Patients with a BV-associated SAE 154 (9.9) 98 (10.1) 31 (12.8)

Protocol-specified AE by type

GI perforation (any grade) 14 (0.9) 11 (1.1) 1 (0.4)

Bleeding event (grade 3 5) 47 (3.0) 34 (3.5) 3 (1.2)

Postoperative wound-healing or wound-bleeding
complicationc (any grade)

12/339 (3.5) 11/223 (4.9) 1/62 (1.6)

ATEd (any grade) 35 (2.3) 29 (3.0) 1 (0.4)

VTEe (any grade) 111 (7.2) 62 (6.4) 32 (13.2)

New or worsening hypertension requiring
medication

127 (8.2) 89 (9.2) 21 (8.6)

aInclude select BV AEs regardless of severity, any AEs that result in the discontinuation of BV, and any SAEs suspected to
be associated with BV. BV-select AEs include GI perforation; new or worsening hypertension that requires medication,
severe bleeding events, VTEs, postoperative wound-bleeding or -healing complications, symptomatic congestive heart
failure, ATEs, and reversible posterior leukoencephalopathy syndrome.
bPatients may have had more than 1 type of event.
cDenominator is equal to the number of patients with postbaseline surgery.
dATEs include myocardial infarction, cerebral vascular accident, transient ischemic attack, and sudden cardiac death.
eVTEs include deep vein thrombosis and pulmonary emboli.
Abbreviations: AE, adverse event; ATE, arterial thromboembolic event; BV, bevacizumab; CRC, colorectal cancer;
FOLFIRI, irinotecan and infusional 5-fluorouracil and leucovorin; FOLFOX, oxaliplatin and infusional 5-fluorouracil and
leucovorin; GI, gastrointestinal; SAE, serious AE; VTE, venous thromboembolic event.
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